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(54) Electrically heated window 

(57) Three embodiments of laminated window (20; 
50.60;70) are described in which wires (22, 56, 62, 78) 
extend along lines of non-ctrcutar cun/ature, forming ar- 
rays (21 ,55,63,81) of previously unattainable configura- 
tions. Electric current is passed through the wires to heat 
the window and disperse condensation or ice on its sur- 
face. The embodiments of the invention provide a vehi- 


cle windscreen (20) in which substantially all the trans- 
parent portion (49) is thus heated; a curved rear window 
(50,60) in which the wires (56,62) are horizontal when 
installed in a vehicle; and a window (70) having a heated 
rest portion (71 ) for a window wiper. A method of man- 
ufacturing such windows, and an apparatus (90) for 
forming such arrays of wires are also provided. 
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Description 

The present invention relates loan electrically heat- 
ed window, and more particularly but not exclusively to 
a laminated vehicle window comprising a number of s 
plies, the window including an array of fine, closely 
spaced wires extending over one of the plies and form- 
ing a heating element, the heating effect resulting from 
passage of electric current through the wires. 

Such windows may be installed as the windscreen, io 
rear window, or other window of a car or other vehicle, 
or as a window (especially the windscreen) of a com- 
mercial vehicle, focomotive or aircraft, or in a boat or 
ship. The electric heating is used to disperse conden- 
sation or ice on the surfaces of the window, and thereby 
maintain good visibility through the window. 

At its simplest, a laminated window comprises an 
inner ply of interlayer material ("the interlayer") disposed 
between two outer plies of rigid transparent sheet glaz- 
ing material, but more sophisticated laminated windows 20 
comprise greater numbers of plies of interlayer and glaz- 
ing material, for example so as to confer greater resist- 
ance to impact damage upon the window, and reduce 
the risk of penetration of the window The interlayer is 
normally a flexible plastics material, e.g. polyvinylbu- 25 
tyral, and the glazing material may be glass or a rigid 
plastics material. Laminated windows are also known 
comprising two or more plies, in which an exposed ply 
is a ply of flexible plastics material which may both in- 
crease penetration resistance and reduce the risk of lac- 30 
eration by fragments of glazing material during an im- 
pact Such a plastics outer ply normally forms the inward- 
facing surface of the window, and is generally subjected 
to a surface treatment to increase its abrasion resist- 
ance. 35 

Although electrically heated windows comprising 
arrays of wires have been known for a conskJerable 
time, the number of different configurations in which the 
wires can be arranged has remained limited, resulting 
in various shortcomings in different applications, chiefly 40 
arising from an inability to match the shape of the heated 
area to the shape of the window 

For example, it is known from US 3.729,616 to ar- 
range the wires along parallel straight lines. This docu- 
ment describes a laminated window having a pattern of -^5 
wrinkled resistance wires with the wrinkles oriented in 
non-parallel random fashion so as to reduce glare from 
the wires when the window is used as a windscreen. 
The heated area is generally rectangular, and when 
such a pattern is applied to a windscreen which is ap- so 
proximately the shape of a trapezium (i.e. a quadrilateral 
with only one pair of sides parallel), there are generally 
triangular areas adjacent each short edge of the wind- 
screen which are unheated. Obviously, any condensa- 
tion or ice In these unheated areas will remain in place, ss 
impairing visibility through the windscreen. The relative 
size of these unheated areas in modern windscreens is 
substantial, as for example may be seen in the prior art 


windscreen shown in Figure 1 of the present application. 

GB 1,365.785 is concerned with the problems of 
electrical discontinuities and resistance varying with 
path length, but does in fact disclose a different config- 
uration of heating wires. Windows In the shape of a rec- 
tangle and a trapezium are described in which the wires 
run from side to side, not from top to bottom. However, 
the wires still extend along parallel straight lines, and 
the shapes of window described (rectangles and 
straight-edged trapezia) are not typical of the shapes of 
windows employed in modern vehicles; in reality they 
have curved edges, and the degree of cun/ature is tend- 
ing to increase. 

EP 32,139. which corresponds to US 4,395.622, 
describes heated windows in which the wires are laid 
along circular arcs extending in the direction of move- 
ment of the wiper. The patent teaches that the heated 
area should be arranged to approximately coincide with 
the wiped area; a substantial portion of the window is 
therefore left unheated as in US 3,729,616. Although the 
suggestion of circular arcs is apparently new, it is only 
made In the context of improving wiper performance, 
and does not provide sufficient flexibility in shaping the 
heated area to meet more general modern needs, given 
that few windows have edges which are circular arcs. 

GB 1 .566,681 . corresponding to US 4,209,687, ad- 
dresses the problem of diff ractive effects occurring as a 
result of light passing through fine, closely spaced wires 
in an electrically heated window It is suggested that 
each wire is formed as a helix to alleviate such effects. 
Neighbouring helices may be disposed in parallel, trap- 
ezoidal, meandering or undulating relation according to 
the pattern desired. However, no indication is given as 
to how the helices are formed, how they are laid down 
In these various relationships, or why a particular pattern 
may be desired, and so this document does not assist 
the skilled person seeking to arrange heating wires in 
new configurations. 

A need therefore remains for an improved electri- 
cally heated window In which the shape of the heated 
area may be matched to the shape of part or all of the 
transparent portion of the window. Some of the situa- 
tions in which such matching is desirable will now be 
explained In more detail. 

As mentioned above, an electrically heated window 
may be used as the rear window (referred to in the In- 
dustry as a "backlight*) of a vehicle. The heating ele- 
ment may be printed in conductive Ink, or (especially 
where the rear window is laminated) heating may be 
provided by means of an array of fine, closely spaced 
wires. Since the car driver's eyes are not as close to the 
rear window as to the windscreen, minimising visibility 
of the wires Is not as critical as with windscreens It is 
possible to use thicker wire at larger spacings when wir- 
ing a heated rear window, than when wiring a wind- 
screen, and so reduce costs. 

The wires normally extend in a generally horizontal 
direction In an installed rear window, i.e. from side to 
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side rather than top to bottom. When designing a heated 
rear window, it is not so important to heat the entire 
transparent portion of the window, as in a windscreen, 
because the driver normally does not need to look 
through the extreme top and bottom portions of a rear 
window. It is moTo important to shape the heated area 
so that it heats the actual portion of the window through 
which the driver does need to see clearly, while ensuring 
that the appearance of the window is aesthetically 
pleasing. Since the shape of the heated area is visible, 
it has an influence on the overall appearance of the rear 
window as part of the vehicle. For example, in a car hav- 
ing a deeply bent rear window, the bottom edge of the 
window may sweep round In a deep curve to meet the 
boot lid or tailgate. This curve is not circular, generally 
having a larger radius at the centre than at the sides. In 
this situation heating wires laid in straight or circular 
lines would look wrong. Straight lines would also leave 
an excessively large lower portion of the rear window 
unhealed. 

Many cars are equipped with an additional brake or 
stop lamp mounted on the rear window, generally re- 
ferred to in the industry as a "high mounted stop lamp". 
The high mounting position is intended to improve visi- 
bility of such stop lamps, but this is clearly not achieved 
if the portion of the window on which the stop lamp is 
mounted is covered by frost or snow. It would therefore 
be desirable to extend the heating wires of an electrically 
heated rear window to cover such a portion; however 
this is not normally possible with wires laid in straight or 
circular lines. 

A need therefore also exists for a wire-heated lam- 
inated window suitable for use as the^ rear window of a 
vehicle, in which the shape of the heated area, in par- 
ticular the lines followed by the boundaries of the heated 
area, can be controlled to a greater extent than at 
present. It is also important to ensure that the heating 
effect does not vary excessively in intensity over the new 
shapes of heated area, especially when diverging wires 
are involved, otherwise the variation in time taken to 
clear frost or condensation from different areas of the 
window would be unacceptable in practice. 

Another application of an electrically heated win- 
dow in a vehicle is to release a window wiper (i.e. a wind- 
screen wiper or rear wiper) that has been rendered im- 
mobile in its rest position on the windscreen during cold 
weather, for instance frozen in place by Ice fomnation, 
or obstructed by an accumulation of fallen snow. Such 
a window is known from EP 13,970 which corresponds 
to US 4,373,130. In the window described, the electrical 
heating element is provided by printing it in a conductive 
ink. or by coating a selected area of the windscreen with 
a continuous metal or semi-conductor layer. Not all 
windscreen factories have the facilities to operate these 
processes, however, and it would be desirable to pro- 
vide an alternative way of heating a wiper rest position. 

It has now been found that all the failings of the 
known products mentioned above may be alleviated by 


providing an electrically heated window in which at least 
some of the wires are laid along lines configured differ- 
ently from the straight lines or circular arcs known from 
the prior art. Whereas it has apparently been the belief 

5 in the past that arranging wires in different configura- 
tions would not in practice be feasible, it has now been 
found possibly, surprisingly, to modify in a relatively sim- 
ple manner as hereinafter described, one of the known 
types of apparatus for laying down the wires, in order to 

10 configure them in new ways in a practical and econom- 
ical manner. Furthermore, it has been found possible to 
control the intensity of the heating effect within accept- 
able limits of variation over the new shapes of heated 
area. 

15 According to the present invention there is provided 
an electrically heated window laminated from at least 
two plies of glazing materia! and at least one ply of in- 
terlayer material extending between the plies of glazing 
material, the window including: 

20 

an array of fine, closely spaced wires carried by one 
of the plies, 

electrical connection means for connecting the ar- 
ray to an electrical supply so as to pass current 
2S through the wires and heat the window, 

characterised by at least some of the wires extending 
along lines of non-circular curvature. 

By the term "electrical connection means", the 
30 skilled person understands in the present context that 
any of the items generally used in such windows to con- 
nect the array of wires are meant, including busbars; 
leads; tags; plugs, spades and their corresponding 
sockets. The lines along which the wires extend are im- 
35 aginary in the sense that, until wires are actually laid 
along the lines during manufacture of the window, the 
position of the lines cannot be determined by inspection. 
The wires themselves may be crimped or othenwise lo- 
cally bent in a regularly or irregularly repeating fashion 
40 to alleviate undesirable optical effects, as will be de- 
scribed in more detail below; it would therefore be im- 
precise to define the present invention by defining that 
the wires themselves have non-circular cun/ature be- 
cause the present invention is primarily concerned with 
45 the configuration and orlentatk>n of wires across a win- 
dow as a whole, and secondarily with smaller scale 
shaping, e.g. crimping, of the wires. It will be appreciated 
that it is possible to lay either crimped or uncrimped 
wires along lines as defined by the present invention. 
so A line of non-circular curvature is one for which the 
radius of curvature varies along its length; that is to say, 
if- the radius of curvature were established at intervals 
along the line, it would be found to vary in magnitude at 
different points. At least parts of a line may be of sinu- 
55 soidal, parabolic or hyperbolic cun/ature. A line may 
comprise two ormore, preferably four, connected circu- 
lar arcs, each arc having a different radius to the adja- 
cent arc. 
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Preferably at least some of the lines along which 
the wires extend are substantially parallel to one edge 
of the window. 

In one embodiment of the Invention, in which the 
window has at least one pair of opposed non-parallel s 
sides, at least some of the wires extend along diverging 
lines so that the array extends over substantially the 
whole of the transparent portion of the window. This em- 
bodiment is especially suitable for use as a vehicle wind- 
screen since the heated area may extend to the body- io 
work pillars at the sides of the windscreen, known in the 
car industry as the A-posts. 

Normally, the window is in the approximate shape 
of a trapezium, but with cun/ed edges, and at least some 
of the wires extend along diverging lines in directions is 
from the shorter of the two substantially parallel edges 
of the trapezium towards the longer of the two substan- 
tially parallel edges. 

In a second embodiment, the wires extend (with ref- 
erence to the installed window) from side to side, i.e. 20 
generally parallel to the top and bottom of the window. 
This embodiment is especially suitable for use as a rear 
window, as in such an arrangement, the invention allows 
the wires to be configured to heat the area of the window 
through which the driver normally needs to see, even in 2S 
a deeply curved rear window Furthermore, the inven- 
tion may allow one to avoid heating areas in which the 
driver does not need especially high visibility, thereby 
avoiding excessive power consumption. In most rear 
windows, the edge of the window that constitutes the 30 
bottom edge after installation is also the longest edge 
of the window. 

Most vehicle windows (whether windscreens or rear 
windows or others) are curved, and are installed at a 
predetermined angle of inclination. Preferably the wires 35 
are arranged to be substantially horizontal when the 
window is mounted at said predetermined angle. 

This is especially advantageous for rear windows, 
as it means that the upper and tower boundaries of the 
heated area appear horizontal to the driver when seen 40 
by the driver in the rear-view mirror. It can also have the 
effect of making the heated area of the window blend 
aesthetically with the styling of the car. 

In a third embodiment, the array of wires extends 
over a portion of the window that serves as a rest posi- 45 
tion for a window wiper As mentioned above, the win- 
dow wiper may be a windscreen wiper or a rear wiper 
By placing the wires along non-circular curved lines, it 
is easier to tailor the shape of the heated area to cover 
all of the rest position (often referred to as the "parking so 
area") of the wiper. Previously, when the wires were 
placed along straight lines, this was difficult to achieve. 
For example, if the wiper parked adjacent the curved 
lower edge of a windscreen, it was difficult to get the 
wires close enough to this edge, as inevitably the wire ss 
cut a chord across it. 

Laying the wires along non-circular cun/ed lines is 
also advantageous when the wiper is parked on an 


opaque portion of the window, especially a portion hav- 
ing an obscuration band, since such bands are generally 
adjacent and parallel to the edges of the window, and 
thus adopt the curvature of these edges. Placing the 
wires along suitably cun/ed paths enables all the wires 
to be laid on the opaque portbn, where they are not vis- 
ible. When, as formerly, the wires could only be placed 
along straight lines, they again cut a chord across the 
curvature of the obscuration band; in other words, the 
wires undesirably transgressed into the transparent por- 
tion of the window. 

To manufacture the various embodiments of the in- 
vention mentioned above, it has been found necessary 
to improve upon the known processes and apparatus 
employed in the manufacture of conventional electrical- 
ly heated windows. In particular, apparatus which has 
in the past been employed to assemble the array of 
wires for incorporation as part of the heating element 
(commonly referred to as a wiring machine) has been 
found unsatisfactory for providing the variety of config- 
urations of wires desired. 

A known apparatus is described in US 3,795,472 
(divisional of US 3,729,616. which was mentioned ear- 
lier), A wiring machine is provided comprising a rotatably 
mounted drum with a wire supply device at one side. A 
sheet of interlayer to be wired is attached to the drum 
and rotated, while wire is supplied from the wire supply 
device. This device is caused to move gradually in a di- 
rection parallel to the axis of rotation of the drum, so that 
successive turns of wire are deposited on the interlayer, 
each turn of wire being in spaced relationship to the pre- 
vious one to produce a helical coil wrapped around the 
drum. The coil is cut open along an axial line on the sur- 
face of the drum, in the gap between two adjacent edges 
of the interlayer. and the sheet of interlayer is removed 
from the drum and placed on one of the plies of glazing 
material for assembly into a laminated window. 

This apparatus yields a product in which the wires 
are disposed along parallel straight lines, even though, 
on close inspection, it would not be precise to describe 
the wires themselves as parallel because of the random- 
ly oriented wrinkles. It is not possible to manufacture the 
improved wired products mentioned above on this ap- 
paratus. 

Another wiring machine including a drum is de- 
scribed in EP 443.691. While various improvements 
over the machine of US 3,795,472 are disclosed, they 
do not concern the orientation of the lines along which 
the wires are deposited, which in the finished window 
are still disposed along straight and parallel lines. 

A different type of wiring machine is described in EP 
32,139. This comprises a flat table on which a sheet of 
interlayer is placed, a sliding bridge disposed above the 
table and spanning it, a wire laying member slidably 
mounted on the bridge and attached to a connecting rod 
which pivots about a vertical axis. The wire-laying mem- 
ber slides back and forth on the bridge in reciprocating 
manner, but because the bridge is itself also free to sikie 
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in reciprocating manner, and the wire-laying member is 
constrained by the connecting rod, the net movement is 
along a circular path. Two methods of operation of the 
machine are described; one method producing circular 
curves of constant radius, and the other producing suc- 
cessive concentric circular curves. This document does 
not therefore assist the skilled person in producing ar- 
rays of wires of the various configurations needed, as 
described above. 

None of these known wiring machines has therefore 
been found suitable for use in the manufacture of the 
improved vyired products mentioned above. 

It has now been discovered that a single improved 
process and apparatus can make all the improved wired 
products mentioned above; the underlying advance be- 
ing to provide an extra degree of freedom of movement 
to the wire supply and setting device (the "wiring head"), 
together with associated control means to control the 
extra movement. 

According to these aspects of the invention there is 
first provided a process for the manufacture of an elec- 
trically heated window as claimed in claim 1 , part of the 
process being performed on an apparatus which in- 
cludes an endless support surface, rotatable about an 
axis, for supporting the interlayer material, and a wiring 
head for supplying wire and laying it on the interlayer 
material, the support surface and wiring head being 
movable relative to each other in a direction parallel to 
said axis, and the process including the steps of: 

securing a piece of interlayer in position on the sup- 
port surface, 

causing the support surface to rotate, 
laying wire by setting it in contact with the interlayer 
material by means of the wiring head while the sup- 
port surface rotates, so that successive turns of wire 
are laid on the interlayer material, 
stopping rotation of the support surface when the 
desired number of turns of wire has been laid, 

the process being characterised by 

cutting the coil in a direction parallel to the axis, so 
that it may be opened out as a generally flat array 

of wires, 

removing the wired piece of interlayer from the sup- 
port surface and providing the array of wires with 
electrical connections, and 

assembling the piece of interlayer material into a 
laminated window, wherein while laying the wire the 
process includes: 

moving the support surface and the wiring head 
back and forth relative to each other in reciprocating 
manner in the direction parallel to said axis, and in 
coordination with the rotation of the support surface, 
to provide an array of wires on the interlayer mate- 
rial in which at least some of the wires extend along 
lines of non-circular curvature. Clearly, the relative 


movement between the support surface and the wir- 
ing head may be provided as a result of movement 
of the support surface alone, or of the wiring head 
alone, or of both together. 

Secondly there is also provided an apparatus for 
forming an array of wires on a piece of interlayer material 
during the manufacture of an electrically heated window, 
the apparatus including an endless support surface, 
mounted for rotation about an axis, for supporting the 
interlayer material, and a wiring head for supplying wire 
and laying it on the interlayer material, the support sur- 
face and the wiring head being arranged for relative 
movement in a direction parallel to said axis, 

characterised by drive means for causing the sup- 
port surface and wiring head to reciprocate relative to 
each other in said direction, and control means for con- 
trolling the drive means to coordinate the reciprocating 
movement with the rotation of the support surface, so 
that the wiring head lays wire along lines of non-circular 
curvature. 

Preferably, the wiring head is movably mounted on 
an elongate member which extends parallel to said axis, 
and is propelled along said elongate member in recip- 
rocating. manner by the drive means. 

The invention will now be illustrated by the following 
non-limiting description of particular embodiments with 
reference to the accompanying drawings in which like 
reference numerals denote like elements throughout the 
various figures. In the drawings - 
Figure 1 is a general view of a known electrically 
heated window, viewed in a direction approximately 
normal to the surface of the window; 
Figure 2 is a general view of a first embodiment of 
eiectricaily heated window according to the inven- 
tion, which Is suitable for use as a windscreen, 
viewed in a corresponding direction to Figure 1 ; 
Figure 3 is a greatly enlarged cross-sectional view 
of a small marginal part of the window of Figure 2, 
taken on the line lll-lli of Figure 2; 
Figure 4 is a general view of a second embodiment 
of electrically heated window, which is suitable for 
use as a rear window, again viewed in a corre- 
sponding direction to Figures 1 and 2; 
Figure 5 is a perspective view of the rear part of a 
car equipped with a heated rear window according 
to another version of the second embodiment of the 
invention, i.e. it is similar to the window shown in 
Figure 4 but more deeply bent; 
Figure 6 is a plan view of an array of heating wires 
disposed upon a piece of interlayer material for the 
window of Figure 5; 

Figure 7 is a general view of a third embodiment of 
electrically heated window, again viewed in a cor- 
responding direction to Figures 1, 2 and 4; 
Figure 8 is a perspective view of an apparatus for 
laying heating wires to make a window according to 
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the invention, including an endless support surface 
in the form of a cylindrical drum; 
Figure 9a is a diagram representing the cylindrical 
support surface of the drum of Figure 8 as a flat rec- 
tangle, so that the entire surface may be seen at the s 
same time, showing schematically how wires may 
be laid when making two prior art windows of the 
type shown in Figure 1; 

Figure 9b is a similar diagram to Figure 9a. showing 
schematically how wires may be laid when making io 
two windows according to the first embodiment of 
the invention; 

Figure 9c Is a similar diagram to Figures 9a and 9b. 
showing schematically how wires may be laid for a 
window according to the second or third embodi- is 
ments of the invention. 

Figure 1 shows a known electrically heated window 
1 suitable for use as the windscreen of a vehicle. It com- 
prises an area 2 heated by an array of fine, closely 20 
spaced wires 3. The wires are arranged in two heating 
elements 4 and 5 extending between respective bus- 
bars 6, by means of which electric current is supplied to 
the two elements independently. . 

It will be appreciated that as the heating wires are 2S, 
positioned very close to one another in heated windows 
of the type described in this specification, it Is not pos- 
sible to represent in the drawings all the wires that are 
actually present in such windows. Consequently it 
should be understood that only a proportion of the heat- 30 
ing wires are shown in the drawings of this specification, 
and they are shown further apart than is actually the 
case Furthermore, to avoid excessive repetition for the 
draughtsman, where the area covered by wires Is rela- 
tively large, no wires have been drawn in over part of 35 
the area. Instead, dot-dashed lines have been used to 
indicate the extent of the area covered by wires. 

The window 1 is generally in the shape of a trape- 
zium, with generally parallel edges 8 and 9, and non- 
parallel edges 10 and 11. All these edges are slightly 40 
'curved. 

The result of providing a heated area 2 comprising 
wires extending along parallel straight lines is that the 
heated area is rectangular, and so two generally trian- 
gular areas 7 remain unheated. Unfortunately it is not 45 
feasible to simply continue the straight, parallel wires 
across areas 7, because the resistance, and hence the 
length, of each wire 3 should be maintained approxi- 
mately constant if satisfactory perfonmance (i.e. reason- 
ably uniform heating) is to be obtained. so 

A window having heating wires extending along 
parallel straight lines (as shown in Figure 1) may be 
made using the prior art apparatus known from EP 443 
691 for laying the heating wires. 

Figure 2 shows an electrically heated window ac- ss 
cording to a first embodiment of the invention. This win- 
dow 20 is suitable for use as a heated vehicle wind- 
screen, and is heated by a heating means which ex- 


tends over substantially the whole of the transparent 
portion of the window The window has long edges 29 
and 30. and short edges 31 and 32. the long edges being 
substantially parallel so that the window has the general 
shape of a trapezium, allowing for the curvature of the 
edges. When the window is installed in the orientation 
which Is usual fore windscreen, long edge 29 forms the 
top edge, long edge 30 forms the bottom edge, and short 
edges 31 ,32 form the sides of the windscreen. 

Figure 3 is a cross-section of the window 20 taken 
along the line IIMII of Figure 2. The window comprises 
two plies of sheet glazing material which may be curved, 
the ply forming the external surface 44 of the window 20 
being designated the outer ply 40, and the ply forming 
the inner surtace 47 of the window (i.e. the surface of 
the window which, after glazing, faces towards the in- 
side of the object, e.g. a vehicle, to be glazed by the 
window) being designated the inner ply 41 . While plies 
40,41 may be composed of any rigid transparent sheet 
glazing material (e.g. various plastics), a preferred ma- 
terial is glass. The plies have further surfaces 45, 46 
which are bonded together to form a laminate by a ply 
of Interlayer material 42, which is transparent in the fin- 
ished product, extending between the plies of glazing 
material. The interlayer is generally composed of a plas- 
tics material with suitable physical and chemical prop- 
erties to bond the plies of glazing nnaterlal together, and 
confer on the product the requisite performance for its 
application e g in temns of safety optical performance 
etc. A suitable interlayer material is polyvinylbutyral 
("pvb"), but other interlayer materials may be used. As 
mentioned above, other constructions of laminated win- 
dows exist which involve more or fewer plies. 

Still referring to Figure 3, a substantially opaque 
band 43 (known in the vehicle glazing industry as an 
obscuration band) is disposed around the periphery of 
one face of one of the plies, preferably the inner face 45 
of the outer ply 40. The obscuration band 43 may be in 
the form of a printed coating composed of a ceramic (frit- 
based) ink. The obscuration band serves to hide the re- 
ceiving flange of the vehicle bodywork when the wind- 
screen is glazed In position; and when the window Is 
adhesively glazed, the band not only conceals but also 
protects the adhesive and/or sealant from light, espe- 
cially its ultra-violet component In this specification, ref- 
erences to a transparent portion of the window are ref- 
erences to the portion not obscured by the obscuration 
band. In Figure 3, an imaginary line Z-Z is shown divid- 
ing the opaque portion 48 from the transparent portion 
49. 

Preferably the obscuration band 43 is disposed on 
inner face 45 of the outer ply 40 because In this position, 
the band is additionally able to conceal from external 
view components, e.g. busbars, situated on a peripheral 
surface of the ply of interlayer 42. For this reason, the 
obscuration band has been omitted from Figure 2 in or- 
der to reveal the busbars If the obscuration band Is dis- 
posed on a different surface, for example surface 47. It 
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is possible to apply an organic primer to the inner face 
45 Instead, so that components situated on a peripheral 
surface of the ply of interlayer are still concealed. 

Referring to Figure 2 again, the window 20 is heated 
by heating means comprising an array 21 of fine, closely 
spaced wires 22 disposed on a surface of one of the 
plies, preferably on the inner face of the ply of interlayer 
material, although it is entirely possible to carry out the 
invention with the wires disposed on the outer face of 
the ply of interlayer material, or in the middle of the ply. 
especially if it is a composite ply. Indeed, the invention 
also includes windows in which the wires are disposed 
on a face of one of the other plies, providing they are 
suitably protected. The array may comprise two or more 
heating elements 23.24, each element having its own 
current supply This arrangement is preferable for large 
windows since such windows, when supplied with pow- 
er from a standard nominal 1 2 volt vehicle supply, draw 
a substantial current Splitting the array into independ- 
ently supplied elements reduces the load on the various 
electrical connection means which supply current to 
each element; clearly the number of elements may be 
varied according to the size of the windscreen. 

In the window of Figure 2, two elements 23 and 24 
extend between electrical connection means in the form 
of respective busbars. Accordingly there are two bus- 
bars 25,26 which extend along at least the top edge 29 
of the windscreen, and two busbars 27,28 which extend 
along the bottom edge 30. The busbars are made from 
electrically conductive strip, normally metal strip, for ex- 
ample, copper strips 3-6 mm wide, preferably 6 mm wide 
and about 0.04-0.08 mm thick. The strips are preferably 
tinned with a surface layer of tin, or tin lead alloy (SniPb 
ratio of 60:40) to protect the copper from oxidation. 

In this windscreen, the top busbars 25,26 extend 
around the top corners, and down the sides 31 ,32 of the 
windscreen. The busbars 25,26,27.28 may be connect- 
ed to flying leads 33 by soldering, possibly via a small 
connector tag of known design for neatness (not 
shown), and the leads have terminations 34 appropriate 
for connection to a voltage supply. Alternatively, conven- 
tional spade connectors may be soldered to the ends of 
the busbars, and leads attached to the spades. These 
leads, tags, terminations and connectors also constitute 
electrical connection means. 

The wires 22 are preferably attached to the strip 
forming the busbars 25,25,27,28 by use of a further 
piece of busbar strip (not shown) to form a sandwich 
with the wires between the two strips, a face of at least 
one of the busbar strips being provided with a surface 
layer of low melting point solder such that the solder 
melts on autoclaving to provide good electrical contact 
between the busbar strip and the wires. Such a tech- 
nique is known from EP 385 791. 

The wires 22 are preferably composed of tungsten, 
and are preferably 10-30 \xm thick for a nominal operat- 
ing voltage of 1 2 volts; typically, the array 21 of wires for 
a windscreen may include between 300 and 900 wires 


according to the size of the windscreen and the wire 
spacing used. A backlight may include between about 
10 and 300 wires. The wires are arranged to extend 
along lines of non-circular curvature, and in this embod- 

s iment, the lines have been selected so that the array 21 
of wires extends over substantially the whole of the 
transparent portion 49 (as indicated in Fig. 3) of the win- 
dow. Hence the wires extend along lines which diverge 
in a direction from one long edge (top edge 29) to the 

10 other, generally parallel, long edge (bottom edge 30). 

As this particular window is of greatest width a short 
way above bottom edge 30, there is also a lesser degree 
of convergence of the lines as they approach the bottom 
edge; overall, however, the lines diverge downwards. 

IS The wires may be said to fan out, and as a result the 
wires adjacent the short edges 31 and 32 are substan- 
tially parallel to those respective edges. Clearly^ this ar- 
rangement of wires may also be described as extending 
along lines which, overall, converge in a direction up- 

20 wards from the bottom edge 30 to the top edge 29. 

References in this specificatksn to the shape of a 
line along which a heating wire extends (e.g. as 
"straight", or of "non-circular curvature") are, unless'oth- 
erwise indicated, references to the shape of the line 

2S when the piece of interlayer material is placed on a flat 
surface. When the interlayer material is assembled into 
a curved window, in the course of which it is placed be- 
tween curved plies of sheet glazing material, the tines 
obviously adopt the curvature of the glazing material. 

30 and so the shape of the lines is modified from the shape 
they had when the interlayer material was flat. The ex- 
tent of this modification depends on the depth and radius 
of curvature of the window. 

As has already been mentioned, the window 20 of 

35 Figures 2 and 3 is particularly suitable for use as a wind- 
screen of a vehicle. It is known to those skilled in the art, 
that when a bright light from a point source, such as one 
of the headlights of an oncoming vehicle, shines through 
a windscreen having an array of fine, closely spaced 

40 wires, undesirable secondary optical effects may occur 
(believed to be due to reflections from the wires) which 
disrupt the vehicle driver's vision through the wind- 
screen. As is common practice in the art. the wires 22 
of window 20 normally have undulations to alleviate 

45 these effects, e.g. they are crimped in a sinusoidal pat- 
tern. Other patterns may be used, such as a zig-zag, or 
a helical spiral, or indeed the undulations may be ran- 
dom in nature. 

It may be important to ensure that the particular ar- 

so rangement of wires selected for a window, especially a 
windscreen, provides a moderately uniform heating ef- 
fect (as measured, for example, in terms of heating pow- 
er density) over the heated area. The uniformity of heat- 
ing effect is influenced by the spacing and resistance of 

55 the wires, and so these factors should be controlled 
when designing new configurations of wires. It has been 
found that the maximum spacing of the majority of wires 
in the transparent portion of a windscreen should not 
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exceed 10 mm, preferably it is less than 5 mm. and it 
may be desirable to keep the spacing to 3 mm or less, 
especially in critical areas such as the primary vision ar- 
ea. In a rear window, the maximum spacing of the wires 
should not exceed 30 mm. preferably it is less than 20 
mm, and more preferably less than 10 mm. Adjacent 
wires should not touch each other, so the minimum 
spacing is governed by the accuracy with which wires 
can be positioned during laydown, and the degree of 
crimp in use. Preferably, the resistance of the shorter 
wires is at least 50% of that of the longer wires, more 
preferably it is at least 70%. and In instances where par- 
ticular uniformity of heating is required, it is at least 80%. 

Control of these factors makes it possible to keep 
the ratio of the nnaximum heating power density to the 
minimum heating power density measured in different 
locations on a window such as a windscreen to less than 
2.0. preferably less than 1.5, and more preferably less 
than 1.3. The variation in heating power density in a 
backlight may be similar, or the wires may be intention- 
ally arranged in closely spaced groups of two or three 
to achieve very rapid localised clearing of ice or conden- 
sation adjacent each group. This results in the formation 
of horizontal clear "slots" through which some rearward 
vision may be obtained well before the whole of the heat- 
ed area of the backlight has cleared. 

Figure 4 shows a second embodiment of electrically 
heated window according to the invention, this embod- 
iment being particularly suitable for use as the rear win- 
dow or backlight of a vehicle Many aspects of this win- 
dow 50 are the same as, or equivalent to, the corre- 
sponding aspects of the window 20 described in con- 
nection with the first embodiment (Figures 2 and 3) and 
so these aspects will not be described further here, or 
in connection with the third embodiment below Such as- 
pects include the composition of the window, i.e. from 
plies of glazing material and interlayer material; use and 
details of any obscuration band; and the materials used 
for the wires, busbars and their connection. 

Window 50 is approximately in the shape of a tra- 
pezium, having two slightly curved long edges 51 ,52 (52 
being the longest edge) which are substantially parallel, 
and two slightly curved short edges or sides 53,54 which 
are not parallel. An array 55 of fine, closely spaced wires 
56 extends from a first busbar 57 to a second busbar 
58. The wires extend along lines of non-circular curva- 
ture which are substantially parallel to long edges 51 
and 52 of the window. The window is curved and is in- 
tended to be installed at a predetermined angle of incli- 
nation, and the curvature of the wires is chosen so that 
the wires are substantially horizontal when the window 
is mounted at said predetermined angle. In fact, taking 
into account the curvature of the window, each wire then 
extends in one of a series of substantially horizontal par- 
allel planes. The nature of the non-circular curvature of - 
the lines required to achieve this effect depends on the 
curvature of the window Most vehicle windows exhibit 
greater cun/ature towards their sides, that is. sides 


53.54 in Figure 4. For example, for a particular window, 
the radius of curvature R of a line along which a wire 
extends may vary from = 1240 mm at the midpoint, 
to R3 = 1 090 mm near the side, possibly via an interme- 
5 diate radius R2 at an intermediate point. For another 
window, R^ might be 4000 mm, R2 might be 3600 mm, 
and R3 might be 3000 mm. The locations of R^, R2 and 
R3 are marked on Figure 4. 

The above configuration allows efficient use to be 
10 made of the area heated by the array 55, so as to im- 
prove vision for the vehicle driver It also yields an aes- 
thetically pleasing external appearance to the vehicle; if 
the wires were laid along straight lines, in the installed 
window they wou Id approach closer to the roof line in the 
'5 centre of the window, and the shape of the heated area 
would be out of sympathy with the shape of the window 
in styling terms. 

As mentioned above, the adverse optical effect of 
the wires on visibility for the driver is not as severe for 
^0 a rear window as for a windscreen because the rear win- 
dow is further from the driver's eyes. Hence the wires 
56 of the rear window 50 need not be as fine and as 
closely spaced as for a windscreen. Similarly, it not 
usually necessary to use undulating wire, e.g. crimped 
25 wire. 

Figure 5 shows a different version of the second em- 
bodiment of the invention. The window 60 of Figure 5 is 
again intended for use as a rear window of a vehicle (of 
which part of the bodywork 61 is shown), but the window 

30 is more deeply bent and is not in the shape of a trape- 
zium. In order to heat the desired area in this window, 
not only are the wires 62 laid along lines of non-circular 
curvature, but the spacing of the wires varies along their 
length, i.e. the wires diverge towards the centre of the 

35 window. 

Figure 6 shows the array 63 of wires 62 for the win- 
dow 60 of Figure 5. The array is shown lying flat on a 
piece of interlayer material 64, i.e. before assembly of 
the window. The shape of the array is designed so that 

40 the wires are again substantially horizontal in the in- 
stalled window as shown in Figure 5. 

Still referring to Figure 5, it can be seen that at least 
some of the wires extend along lines which are substan- 
tially parallel to the longest edge, i.e. the bottom edge 

45 65, of the window. It should be noted that the busbars 
and any obscuration band have been omitted from Fig- 
ures 5 and 6 for simplicity. 

Should it be desired to include one or more high 
mounted stop lamps on the inside of the rear window, 

^0 so that the lamp is viewed through the window, the heat- 
ed area may be extended accordingly. Generally, such 
a lamp is mounted either at the top or bottom centre of 
the rear window, in which case either the top or bottom 
boundary respectively of the heated area is positioned 

55 sufficiently high or low on the window to ensure that the 
part of the window through which the lamp is viewed is 
kept free from ice or condensation. 

Figure 7 shows a third embodiment of the inventbn, 
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comprising a window 70 with an electrically heated wip- 
er parking area, i e. the array 81 of wires forming the 
heating element extends over a portion 71 of the window 
70 that sen/es as a rest position for a window wiper when 
not in use. The remaining portion of the window may be 
provided with an additional heating element. The win- 
dow 70 has long edges 72,73 and short edges or sides 
74,75. and may be a windscreen or a rear window. In 
the former case, the portion 71 serving as a rest position 
may extend below the bonnet line of the vehicle, so that 
the wipers park out of sight. In either case, the window 
may have an opaque portion forming an obscuration 
band as described in connection with Figures 2 and 3. 
A possible position for the inner boundary of an obscura- 
tion band is shown as dashed line 76; to show the band 
as an opaque area would obviously obscure part of the 
drawing. The outer boundary of the obscuration band is 
very close to, or coincident with, the periphery 77 ol the 
window. Preferably the wires 78 are disposed on the 
opaque portion of the window formed by the obscuration 
band. 

The advantages of the wires extending along tines 
of non-circular curvature are readily seen from Figure 7. 
The wires 78 may extend along lines of relatively large 
radius of curvature which are substantially parallel to the 
longest edge 73 of the window along the central part of 
that edge, but towards the corners, the curvature of the 
lines may increase to enable the busbars 79.80 to be 
situated conveniently close to the sides 74,75 of the win- 
dow. If the wires extended along arcs of circles, it would 
not be possible to position them as close to long edge 
73 while also keeping the busbars immediately adjacent 
the sides 74,75. which Is generally preferable for easy 
connection to the wiring loom of the vehicle. In the ex- 
treme case of the wires extending along straight lines, 
they would either lie too far removed from the wiper rest 
position, or it would be necessary to introduce a third 
busbar in the centre of long edge 73, so that the wires 
could be arranged in two banks at an angle to each oth- 
er, with the third busbar common to both banks. This 
solution would be both inelegant and expensive. 

Figure 8 shows an apparatus 90 for laying heating 
wires along lines of non-circular cun/ature in the various 
configurations required for the three embodiments de- 
scribed above. It comprises a base 105, a wiring head 
95 and an endless support surface 91 for the piece or 
pieces of interlayer material 92 ("the interlayer"). The 
support surface 91 is provided by Ihe curved surface of 
a cylindrical drum 93, which is rotatable in the direction 
of arrow Y about an axis of rotation represented by 
dashed line X-X. The drum 93 is driven by belt 106 trans- 
mitting power from a motor (not shown) within the base 
105. Support surface 91 may be perforated and the in- 
ternal air pressure of the drum 93 may be reduced to 
retain pieces of interlayer in contact with it. The Interior 
of the drum may for instance be connected to an exter- 
nal suction means. 

The preferred way of providing relative movement 


between the support surface 91 and the wiring head 95 
is to mount the latter on an ebngate member for sliding 
movement in a direction parallel to the axis of rotation 
of the drum X-X. In Figure 8, the elongate member is in 
5 the form of two rails 94 which extend parallel to the axis 
X-X, and are displaced to one side of drum 93. Other 
arrangements for providing translational movement of 
the wiring head are possible. 

The wiring head 95 comprises devices for the sup- 
ply of wire and for laying it on the piece of interlayer 92. 
Wire is supplied from a spool of wire 99, which may ad- 
ditionally be provided with means for unwinding the wire, 
via wire guide means such as pulleys or eyes 100, and 
set in contact with the Interlayer by means of a put-down 
roller 96. The spool and wire guide means are arranged 
to impart a slight tension to the wireS: which assists in 
keeping the wire correctly threaded and under control. 

Preferably, the wiring head also comprises means 
for imparting undulations to the wire for use when wiring 
a piece of interlayer for a windscreen, e.g. meshed pin- 
ions or bevel gears 101,102 through which the wire is 
fed so as to crimp it The wire guide means, crimp gears 
and put-down roller are all mounted on an arm 107; the 
crimp gears being amounted on the arm via an auxiliary 
frame 108, and the put-down roller via a pivotable link 
109. 

A preferred way of ensuring that the wire adheres 
to the interlayer after being set in contact with it is to 
heat the wire, since interlayer becomes tacky when hot, 
so hot wire tends to adhere to the interlayer. A preferred 
method of heating the wire is to pass an electric current 
through It, so preferably the wiring head includes means 
for applying a voltage across a length of wire close to 
where it is set In contact with the interlayer. A convenient 
way of achieving this is to apply a voltage between the 
put-down roller 96 and the crimp gears 101,102, by 
means of electrical leads 103,104 attached to a voltage 
source (not shown). 

The put-down roller 96 is rotatable about an axis 
110 passing through its centre, so that it can roll over 
the interlayer as it presses the hot wire into the surface 
of the interlayer. In order to accommodate changes in 
the direction of the curved lines along which wire is laid, 
the put-down roller and part of the arm 107 can also be 
swivelled about a second axis substantially at right an- 
gles to the axis of rotation of the put-down roller. Such 
a second axis is shown by line V-V in Figured, and arrow 
W shows the direction of swivelling. The axis V-V about 
which the roller, link and arm may be swivelled is pref- 
erably oriented substantially at right angles to a tangent 
to the support surface 91 taken at the point at which the 
put-down roller 96 makes contact with it (or with the in- 
terlayer). As an alternative to swivelling the put-down 
roller and other parts of the wiring head 95, just the put- 
down roller 96 and its mounting link 109 may be swiv- 
elled by themselves. In this case, the swivel axis is trans- 
lated towards the put-down roller, so as to pass through 
the point of contact between the put-down roller and the 
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interlayer on the support surface, and a second wire 
guide means (not illustrated) may be provided adjacent 
the put-down roller to assist in keeping the wire in place 
on the put-down roller when the latter swivels. 

The wiring head 95 also includes drive means 97. 
e. g. an electric motor, for propelling the wiring head back 
and forth along rails 94 in a reciprocating sliding manner, 
as indicated by arrow U. This reciprocating motion is in 
addition to an advancing motion indicated by arrow T, in 
other words, the drive means is capable of advancing 
the wiring head from one end of the drum to the other, 
as well as causing it to reciprocate during the course of 
such advancement. The various motions of which the 
drive means 97 is capable are controlled by control 
means 98, which is preferably an NC (numerical control) 
control means, and which coordinates the reciprocating 
movement of the wiring head with the rotation of the 
drum. Further details of the known aspects of this appa- 
ratus are available from EP 443 691 . 

Although only one piece of interlayer material 92 is 
visible in Figure 8, it is desirable to be able to wire two 
or more pieces at once. Figure 8 shows wires being laid 
on one piece of interlayer 92 (the "wiring" of the piece 
of interlayer) for the manufacture of a windscreen. How- 
ever, one advantage of the machine 90 is its versatility, 
it being possible to wire two or more pieces in one op- 
eration, or to wire pieces of different shapes with differ- 
ent configurations of wires to make the differing embod- 
iments of window described above. 

Figure 9 shows some examples of the various wire 
configurations which are possible. In Figure 9a, an ar- 
rangement is shown for wiring two pieces of interlayer 
1 2 for making the prk>r art window of Figure 1 . whereas 
in Figure 9b an arrangement is shown for making the 
window of Figure 2. Finally, in Figure 9c an arrangement 3S 
is shown for making the window of Figure 4, which with 
slight modification is also suitable for the windows of Fig- 
ures 5 and 7 as well. In each case, the cylindrical end- 
less support surface 91 of the drum 93 has been repre- 
sented as a rectangle, as if the surface had been cut 40 
open and flattened out. 

An important consideration in arranging the inter- 
layer on the support surface is to save space so that, 
where possible, two or more pieces of interlayer may be 
wired in one operation. Obviously the underlying factors 4S 
here are the size of the window to be made compared 
with the size of the drum. According to Figure 9a, the 
pieces of interlayer 1 2 are placed on the surface 91 with 
the curvature of the generally parallel long edges 8,9 
facing the same way This allows the pieces of interlayer so 
to "nesf and thereby be placed as close to each other 
as possible, so the size of interlayer pieces which can 
be wired in pairs on a given drum can be maximised. 

However, with this arrangement of pieces of inter- 
layer it is more difficult to lay the wires extending along ss 
diverging lines which are generally parallel to the short 
edges 31 ,32 of the pieces, because the wire would have 
to turn two sharp corners in the area between the two 


pieces of interlayer to be re-aligned for the next piece. 
Hence a different arrangement of the interlayer pieces 
may be adopted which allows wiring to be carried out 
more quickly and reliably, although, as it does not make 
such efficient use of space on the support surface, one 
might initially be reluctant to consider It. 

Figure 9b shows an arrangement of pieces 92 of 
interlayer on support surface 91. which may be adopted 
when the pieces are for the manufacture of a wind- 
' screen as illustrated in Figure 2. The longer edges 30 
of the two parallel edges of each of the two interlayer 
pieces are placed adjacent each other, so that the two 
pieces are in an opposed relationship having substantial 
mirror symmetry about a line extending midway be- 
tween the two longer edges. As can be seen in Figure 
9b, the lines along which the wires 22 are laid form con- 
tinuous curves making it possible for the wiring head 95 
to traverse directly from one piece of interlayer onto the 
other without turning any sharp corners. Clearly if the 
support surface is large enough, the number of pieces 
could be increased to four, or even more. 

Figure 9c shows a preferred arrangement for a 
piece of interlayer 120 intended for the manufacture of 
a heated rear window such as that shown in Figure 4, 
in which the wires 56 extend generally in the directran 
of the tonger dimension of the piece. If the support sur- 
face 91 is large enough, two such pieces may be wired 
side by side in one operation, e.g. by using two wiring 
heads coupled together and controlled by a single con- 
trol means 98. 

A preferred way of programming the control means 
to lay wires in a desired configuration will now be de- 
scribed. When making the window of Figure 4 for exam- 
ple, the approach Is to define the non-circular curved 
lines 121,122 (Figure 9c) along which the top and bot- 
tom wires respectively are to be laid. The curves of the 
intermediate lines are then calculated by interpolation, 
resulting in a continuous change of the lines from top to 
bottom. If each line is made up of e.g. three or four arcs 
of circular curvature connected end to end, cateulation 
is simplified. 

Of course, it is possible to program the control 
means either to lay the wires at constant spacing, or to 
lay the wires at a different density in certain areas of the 
window. 

Similarly, to lay wires as shown in Figure 6 (to make 
the window of Figure 5), the cun^ature of the lines along 
which the top and bottom wires are laid is defined and 
a corresponding program for this window Is created. It 
can thus be seen how the wiring configurations shown 
in Figure 9 may be modified to suit other windows. 

Calculatran of the curved lines may either be done 
by the NC control means itself, or preferably by a sep- 
arate computer to allow the use of a simpler control 
means. 

The manufacture of a heated window according to 
the inventbn. including the operation of the wiring ap- 
paratus 90, will now be described with particular empha- 
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sis on the novel aspects. 

A piece of interlayer cut to the appropriate shape 
and size for the window to be manufactured is placed 
on a horizontal surface in a clean environment. Lengths 
of tinned copper strip are placed in position on the inter- 
layer to serve as part of the busbars, and secured in 
place. The piece of interlayer is then transferred to the 
endless support surface 91 of the wiring apparatus 90, 
and secured in place by conventional means as known 
from EP 443 691 . A second piece of interlayer may sim- 
ilarly be placed on the drum as explained above. 

During the laying down of wire, the drum 93 rotates 
and the wiring head 95 advances along the rails 94, as 
known from EP 443 691. Additionally, reciprocation of 
the wiring head along the rails 94 is coordinated with the 
rotation of the drum. The head may perform an integral 
number of reciprocations for each revolution of the 
drum, so that after each complete revolution of the drum, 
the wiring head almost returns to its starting position, 
but not quite, the difference being equal to the spacing 
of successive turns of wire on the drum When the drum 
holds two pieces of interlayer for a windscreen as shown 
in Fig 9b, or one for a rear window as shown in Fig 9c, 
the movement of the wiring head is synchronised with 
the rotation of the drum, so that the wiring head performs 
one reciprocation for each revolution of the drum. The 
combination of the rotation of the drum and the move- 
ment of the wiring head results in the wire being laid 
along lines of non-circular curvature. A coil of wire is built 
up on the drum, but unlike the prior art process, it is not 
a helical coil, as each turn of the coil is distorted from a 
spiral by the reciprocation of the wiring head. 

The amplitude of reciprocation is varied according 
to the position of the wiring head 95 along the rails 94. 
For a windscreen wired from top to bottom, the ampli- 
tude is greatest when the wiring head is at either ex- 
treme of its travel along the rails, and smallest at the 
midpoint. In fact, if the windscreen is to have a wire laid 
along a straight line, such as its centre line (i.e. along 
its axis of mirror symmetry), then during the laying of 
this wire the wiring head does not reciprocate at all. For 
a rear window wired in accordance with Figure 9c, the 
wiring head need not travel the full working length of the 
rails 94. 

The speed at which the wiring head slides along the 
rails, as it reciprocates during the wiring of a piece of 
interlayer, varies according to the amplitude of recipro- 
cation, for a given rate of revolution of the drum. When 
the amplitude is greater, the wiring head needs to travel 
a greater distance along the rails per reciprocation, and 
so it slides at a correspondingly greater speed. 

One of the advantages of this process is that it is 
possible to wire pieces of interlayer quickly and hence 
economically. Although precise times vary, e.g. accord- 
ing to the number of wires in the window being manu- 
factured, the time taken to wire one or two pieces of in- 
terlayer (i.e. the number of pieces that may be placed 
on the support surface together) is less than 3 hours. 


and may be less than 2 hours, or even less than 1 hour 
When wiring is complete, piece(s) of interlayer are 
then removed from the drum and again placed flat on a 
horizontal surface. Further lengths of tinned copper strip 

s are laid on top of the previously positioned strips where 
the wires cross them, and soldered in position so that 
the busbar is of two-layer or "sandwich" construction, as 
taught by EP 385 791, in the region where the wires 
make contact with the busbars. 

10 The window is completed by performing steps 
which are known, and hence described only briefly. Fur- 
ther electrical connection means (e.g. flying leads, con- 
nectors etc.) are attached, and the wired piece of inter- 
layer Is placed between complementary curved plies of 

15 glazing material. Air is then removed from the assembly, 
and it is subjected to high temperature and pressure in 
an autoclave so that the interlayer material bonds the 
plies of glazing material together If low melting point sol- 
der was pre-applied to the lengths of busbar strip, then 

20 this fuses in the autoclave and ensures good electrical 
connection between the wires and the busbar 


Claims 

2S 

1. An electrically heated window laminated from at 
least two plies of glazing material and at least one 
ply of interlayer material extending between the 
plies of glazing material, the window including: 

30 

an array of fine, closely spaced wires carried 
by one of the plies, 

electrical connection means for connecting the 
array to an electrical supply so as to pass cur- 
3S rent through the wires and heat the window, 

characterised by at least some of the wires extend- 
ing along lines of non-circular curvature. 

40 2. A window as claimed In claim 1 . wherein at least 
some of the lines along which the wires extend are 
substantially parallel to one edge of the window. 

3. A window as claimed in claim 1 or claim 2 having at 
45 least one pair of opposed non-parallel sides, where- 
in at least some of the wires extend along diverging 
lines so that the array extends over substantially the 
whole of the transparent portion of the window. 

so 4. A window as claimed in claim 3, wherein the window 
is in the approximate shape of a trapezium, but with 
curved edges, and at least some of the wires extend 
along diverging lines in directions from the shorter 
of the two substantially parallel edges of the trape- 

55 zium towards the longer of the two substantially par- 
allel edges. 

5. A window as claimed in any preceding claim, where- 
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in the ratio of the maximum heating power density 
to the minimum heating power density measure In 
different locations on the window is less than 2.0. 

6. A window as claimed In claim 5, wherein the ratio s 
is less than 1.5. 

7. A window as claimed in claim 2, wherein at least 
some of the lines along which the wires extend are 
substantially parallel to the longest edge of the win- io 
dow. 

8. A window as claimed in claim 1 , which Is curved, 
and is Intended to serve as a vehicle glazing closure 
which is installed at a predetermined angle of incli- is 
nation, and wherein the wires are arranged to be 
substantially horizontal when the window Is mount- 
ed at said predetermined angle. 

9. A window as claimed in claim 1 , wherein the array 20 
of wires extends over a portion of the window that 
serves as a rest position for a window wiper. 

10. A window as claimed in claim 9. wherein at least 
some of the wires are disposed on an opaque por- 2S 
tion of the window. 

11. A process for the manufacture of an electrically 
heated window as claimed in claim 1 , part of the 
process being performed on an apparatus which in- 30 
eludes an endless support surface, rotatable about 

an axis, for supporting the interlayer material, and 
a wiring head for supplying wire and laying It on the 
interlayer material, the support surface and wiring 
head being movable relative to each other in a di- 3S 
rection parallel to said axis, and the process includ- 
ing the steps of: 

- securing a piece of interlayer in position on the 
support surface, 40 
causing the support surface to rotate, 

- laying wire by setting it in contact with the inter- 
layer material by means of the wiring head 
while the support surface rotates, so that suc- 
cessive turns of wire are laid on the interlayer 4S 
material, 

stopping rotation of the support surface when 
the desired number of turns of wire has been 
laid, 

so 

the process being characterised by: 

- cutting the coil in a direction parallel to the axis, 
so that it may be opened out as a generally flat 
array of wires, 55 

- removing the wired piece of interlayer from the 
support surface and providing the array of wires 
with electrical connections, and 


assembling the piece of Interlayer material into 
a laminated window, 

wherein while laying the wire the process includes: 

nrx>ving the support surface and the wiring head 
back and forth relative to each other in recipro- 
cating manner in the direction parallel to said 
axis, and in coordination with the rotation of the 
support surface, to provide an array of wires on 
the interlayer material in which at least some of 
the wires extend along lines of non-circular cur- 
vature. 

12. A process as claimed in claim 11, wherein the 
number of reciprocatbns that the wiring head per- 
forms for each revolution of the support surface is 
an integer. 

13. A process as claimed in claim 12, wherein the rel- 
ative reciprocating movement of the wiring head 
and the support surface Is synchronized so that the 
wiring head performs one reciprocation for 'each 
revolution of the support surface. 

14. A process as claimed in claim 1 3, wherein the piece 
of interlayer material Is in the approximate shape of 
a trapezium, thereby having two generally parallel 
edges, and two such pieces are placed on the sup- 
port surface with the longer of the parallel edges of 
each piece adjacent each other, so that they are In 
an opposed mirroring relationship. 

15. A process as claimed in any one of claims 11 to 14, 
wherein the amplitude of reciprocation of the wiring 
head varies with its position along the line parallel 
to said axis. 

16. A process as claimed in claim 15, wherein the am- 
plitude is greatest when the wiring head is at either 
extreme of its travel relative to the interlayer mate- 
rial, and the amplitude is smallest when the wiring 
head is at the midpoint of Its travel relative to the 
interlayer material 

17. An apparatus for forming an array of wires on a 
piece of interlayer material during the manufacture 
of an electrically heated window, the apparatus in- 
cluding an endless support surface, mounted for ro- 
tation about an axis, for supporting the interlayer 
material, and a wiring head for supplying wire and 
laying it on the interlayer material, the support sur- 
face and the wiring head being arranged for relative 
movement in a direction parallel to said axis, 
characterised by drive means for causing the sup- 
port surface and wiring head to reciprocate relative 
to each other in said direction, and control means 
for controlling the drive means to coordinate the re- 
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ciprocating movement with the rotation of the sup- 
port surface, so that the wiring head lays wire along 
lines of non-circular curvature. 

18. An apparatus as claimed in claim 17, wherein the 5 
wiring head Is movably mounted on an elongate 
member which extends parallel to said axis and is 
propelled along said elongate member in recipro- 
cating manner by the drive means. 

10 

19. An apparatus as claimed In claim 17 or claim IS, 
wherein the wiring head includes a put-down roller 
rotatable about a first axis for setting the wire in con- 
tact with the interlayer material, the roller being 
mounted for swivelling movement about a second '5 
axis perpendicular to the first axis, so that the roller 
may swivel to follow a curved line along which wire 

is being laid. 
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Fig.2. 
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Fig.4. 
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Fig.5. 
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cle windscreen (20) in which substantially all the trans- 
parent portion (49) is thus heated; a curved rear window 
(50,60) in which the wires (56,62) are horizontal when 
installed in a vehicle; and a window (70) having a heated 
rest portion (71) for a window wiper. A method of man- 
ufacturing such windows, and an apparatus (90) for 
forming such arrays of wires are also provided. 
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